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1 

m&m 21 ^ y h * fcs»K? □ > 

(CN) *n>K^cD«ffi (CB) t*tlOOCB 
^CN>CB©«ffifcftStfc«W«i:-r5na!*2l(# 

ffl^T, ^•i' t ^ > Ft IciiH-?^ 1 x 1 0 1 9 c m- 3 

[ B#*SI 4 ] ftffi'&JSKttT^ ^> F 

^SM^fe£££#u>M^£ 10 0 CB^CN>CB® 
(CN : a*JK^©^JME, CB : ^D^M^© 

#^^E>F©JWSt£& 
[»*«5] ^^*>l**fcS*jBFf*tl X 1 0 19 
cm- 3 m±F-tf>^^nT^t), 5.^, **U7»fle 

^-r^^>Fo 

6 ] ^-f 4?*e y F + n 

*U>]gf Olg (CB) W10 0CB^CN>CB 
©«Hlc*D* ^t'J7MUxio 15 cm- 3 

.but?* 3 c t z&mtrz ti m^m»y-r ^ y f b 

C»**7] ^^^>Ft^SgpgM^n x 1 o 19 
cm- 3 K±F-tf>^^nT^D, J^, X^[pJ#t(D2 

■wp-if^yshTSt), ^mm^omm (cn> 

fc#n>lR^<Oj|flS (CB) fc**l 0 OCB^CN>C 
[0 0 0 1] 

M3!l±<0?ijffl»»] *^PJ«, ^-f^-F\ F^>v 
[0 0 0 2] 

[0 0 0 3] ^-V^^F^iftSTTfeKfpRlffiJttSfi 



(2) #g§¥7 -6 9 7 9 4 
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turn /1>F^^7W5. 5eVt*tlrM:t# 
anfc < ftd&ftttH (UttflW*) *uoo 'CKTfc 

[0 0 0 4] b^b5fc*t6, ^^>FTfcMEffiK© 
[0 0 0 5] 
[0 0 0 6] 

> (s i) ti^-Rfc* in *?c*©«afccfctipa!** 

*««WSn5c L*Ufc#*6, ^^>F&#§/£T£ 

ft ^Wfe^ ^-f > F 4» fcBA^UB i ^ 5 W~C 
a? teft<, jSdx fi*. *S^ttU>4:^'3fctt«»M 

[0 0 0 7] L#>Lfc*i^ ^IfSHt-ibT^ 

JMtfcSK (leV55^2eVtSd ^TL*5, 
cna, ^n>©T^iry^-t/^;V (0. 3 7eV) 
lcJt«bTfe##K:**l<i&», ^fcfiSiJBFf" S F^— 
tLT^ ^>F*lCF-tf>^bfc© w C^ ffigirE 

[0 0 0 8] *«M*tt«««BfE©iie*, ^^>F 

•Kfflft©e*tt*«»6n« c: ts^tfl«Lfc. 

[0 0 0 9] #5SW©¥##^^>Ftt* ±B»* 

SHWlx 1 0 19 cm- 3 ^±F-hf>^^n7t^lt 
£#m£T£fe©^&£ 0 

[0 0 10] ±»l/&J:3K:*3fiWfcJ:n«, SSIJH-? 
»«ft**lcj»<r* £ fcfc <fc Offiffiftnffl©^ ire 
>F¥*#*«f»&n*. A>F^t^^l, lev© 
40 mWfcs i tt**Kffitt*©**&«b©-e»«2:t€# 
**rn«, ?«Wtt*t 1 - 2 e Vfe*** 5ft H-^ 

»9B©SBHa, «*©*ni:tt^<jm© 1 b©T?»S. 
[0 0 11] *«W*BJEteW»3&Jtft&IB», 
: e>F*^, ^M-?©^e>t e #n>M J ?^^©« 
K*Sffl^F-tf>^T^^i:^ ±gBl,&R«©«Rfefc: 

[0012] U&*«oT*»Wfc±n«, ^tr, y-f-v 
; &>F4 I ^^ig^<fc^n>M : f^F-tf>^$n 
50 T^D, a*KT©«« (CN) t, #D>Ii? 
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<om& (CB) £#1 0 OCB&CN>CB<0|BHte* 

[0013] *»w#©ttjnc<tntf, ^^>k* 

[0 0 14] 

[fPffl] y-f^>m, ;t>F^^^^5. 5eV 
^-f^>K(Oj|WS«*tt2 0 (W/cra-K) t 

s i (di ofg^±T^>D> ftjfcffifcfe«nrv^. je 

\Z, ^-f-V^E>HB, ^r^U7co^»S^^V^ 
^StjS : 2 0 0 0 (cm 2 /V - #) , tfs~;l4£»£g : 
2 1 0 0 (cm 2 /V • W) > 3 0 OK) , fSSMW/h 

(k-5. 5) , mmmm*±%^ (e=bxio 

6 V/cm) &£©W«£*l/rV>3fc*, ^-f^> 
F £^ 5 £ t \Z ± D Affl CD?n-f X £^ 

[0015] ^-f^^p^t-f xte*VJT 

-tf>^bTV^. 

[0 0 16] KTs **9!*3EfcBilK:KBirra- 

[0 0 17] (**flctt^-f+t>H) *9M!59«3ifflW 

[0 0 18] *5SW«)¥»#^^>Ftt, n^Tfe 

[0019] #&pj3©¥»#tt^ ^^y^comtftm 

«, lxl 0 5 Q'cmHTTO^W^l,<, I 
£B 1 0 0 0 Q ■ c m&T (ttfc 100Q-C m«T) 

[0 0 2 0] ±BffiSt*OSIftfc*V^Ttt, a 

[0 0 2 1] j«3«S : M^iS 
aje*fr:-fe«i* (1 0 m A- 1mA) 0>fc£:T?«E 
(1-1 0 0 v) £frft:5. 
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[0022] &<i ^> Fmmzm ^-r^>Htt 

[0 0 2 3] (1) B[8lE*&tt3e««IWC«fcD»ft*iB 

JK»«Aftettft-r«m (2) ^m-T^#*f 
mmu Rft$x&mm\?rzijfa (3) ^-r^e 

(4) P-1f-^*»«^^©JKTflR3R*X*a)B"rs 
10 2rfe Rtf (5) K»*X*jB«SSii-«»tt±JBVim 

[0 0 2 4] *5S98te*ViT* r -Yir ; &>pfcS*M : F* 

[0 0 2 5] (CVDS) CVDfttfeViTfflVi6h5 

H 2 *C#RbfcB-&:ffA, x^JVyjio-jloUiT-feb 
[0 0 2 6] *ggMfc^V^T, SsRS^P-^bfe^ 

fc^js b fc^o^M-^Wtfx £Ssin br;g 

\i* N 2 , N 2 0> NO?. , NHa ^WilfcffifflBJIE 

5» [0 0 2 7] *«Hfc*5ViT, ^S^J;^n>Jl 
J p*H-5 r bfc^-1 p ^>H ±8BS«3?X 

n*M5 b fclogilfM^X *3 J: a 

f^ibTH WtH B 2 He , B 2 Os > B 

2 (ch 3 ) 3 , b 2 (och 3 ) 3 mmmzm%ni 

[0 0 2 8] WJBE'frdSte) KJBE-frri£S*fflUS»-&, 
titbTfc, »S^ttS*t*n>*#tjM»&jRi)nbT 
[0 0 2 9] W*>ttAtt) *fc, -<^>aA{CJ;o 
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5 

[0030] mmm^tDmm *»w©¥»#^-f ^ 
^> Hte p-b!>i/snfcs*M : f coaa^H 1 x 1 0 19 

t LTOttttOjfltt* £ BM^*M?(D*i£B 1 X 1 

0 17 crn- 8 &±T*s;i£j&W£L^. * 

(N##r) 
l*-fsi->: Cs + 
fttiMEE: lOkV 
Miffi : 5 8 0 n A 

^^IMX : 2 5 Oxirn^ 
##rTOK: ~ig6 2/zm</) 

\z^w.^& ± # p p - k >y a nrvi -6* 

£\ F-tf>^^nfc:^M- : ?©^S (CN) £7tfP> 
BFP^ftS (CB) fcB, n LTOWttiHS 
»tt£<BA^>XCD;&frSB, 10 0CB^CN>CB 

CN>CB©H«s^l/TV^c:t^ff*L/^ 0 -com 
<&> e*ttcD;&a>SB. **flt^©»flE«i 0 17 cm- 3 a? 

[0 0 3 3] ±|3#n>JH^co»S^ W*K* ±BS 

[0 0 3 4] (*vU7»flE) #^©¥^#^1^ 
>FK:&^TB, eflW*©^*^, ^'JTil^lx 
1 0 15 cm-s£AA:.~?&Z>?:t&tt?£L^ a 

[0 0 3 5] ±fB^U7«&B* 

#Sfo mH^*^IR r^ajfflzcDflflBj 4 61, 19 6 

[0 0 3 6] do#-;v*Rc!)!H5ek:*^Ttt, MX 

[0 0 3 7] HJJn?K»: 5 0 0 OtfVX 
K»S»t: 0. 0 1- 1mA (COBBTIt tSSfcCD 
«tt** U 7«*©aift»*K:afcA/£»»ft*Aa 

V> 0 ) 

MlB$T<D2ffiM 1 & (Double-crystal method ) fc«t^T 40 

^»fr^^ ; 6>H^45^TB, Xtft|ir«f0 2j|SAj£t: 
WSD7^>^-^ (rocking curve ) CD ¥ fit IB 
B> 4 o^ETF GEfctt2 0»JKT, #£1 0£J>RT) 

[0 0 3 8] d^iC, rx^[HlilfC0 2#giifej fcBU 1 
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* [0 0 3 1] ±BSE*BFF©«ltt;k 2Jfc-f* 

>Mfi5>«rs (s ims) \z&r)Wfcrz>z.£immT? 

[0 0 3 2] 

(B#ff) 
O2 + 

1 5 kV 

2 0 0 OnA 
2 5 0 /imft 
6 2 jumtf) 

Ci , c 2 ©jEtfteisxaiif— Acoatto^n^aw 

Wfc&*±5feEJI (-SHB) T> JL^, Ci \z&z>R 
H<D*£1k (m) &£tfC 2 [Cefc3R#©*i&: (n) ifi*# 

B, ft*fc#'ra»*«3Wi»TW^. rpy* 

[0 0 3 9] ±JEU&2iBftttfcJ:'3T««*n«ns; 

*>^# (AWd ) tt, jmH»fc*arc-^ 

[0 0 4 0] (-ES<0*-&) (AWd ) 2 = (A 
Wi ) 2 + (AWz ) 2 + d 2 

zc\z, awi ^aw 2 hu *ft-?*i»i*<fctf#2is 

^coDarwin pIateux©ijlT'&D, 
(5= (A A/A) (tan 0 B i-tan 0 B2 ) 

ii^tc^^T, 0nt5aittt, ^n^ncos 

A A fcM*ttX»G> («A.Hv CuKai 
TBS. 8XlO'^>^hD-A) M> 

ft (©#«, ^5 3 iiifk^jfttt?ffift, 4 0 81, 19 

92^; r^<ir c E>F#«a©2jBaafcJ;« > ff 

[0 0 4 1] ±EDy^>y*-^©JB!lSfc*ViTB, 

[0 0 4 2] XiSMF, 3 5kV, 10mA 
^-f^t>R (0 0 4) 

BIT, *Jfi«te*^*, *^p^^S(cA#:W{c^h^T 
[0 0 4 3] 

gam 

H*tR (1 bS) co (loo) HJb, fe<k«s i*«± 
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[0 0 4 4] (y>F-ys) 

H 2 Sfcfi r 100SCCM 



^7- 



H2 8E3 : 
CH« SfcS 
NHs EfaS 
£E^ : 

: 



■* : 0. 5-6SCCM 
4 OTo r r 
3 0 OW 
: m 8 0 0 V 
$32 pi 

a : 10 0 SCCM 

0. 5-6SCCM 
5 SCCM 
4 0 To r r 
3 0 OW 
^8 0 OTC 
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*IRJP: Olxim 
^W>F-^-^-f^>HS (RJ*: 2 Mm) CD^ 

S&frafc. KfiSWStt, 1 0 10 Q ■ cmKlT*^ 
&. 

com tsmv—ym ^^vmsk^m&hitt^, 

fc5R*% 

[0 0 4 6] 
[SI] 



CH4/H2 




NH3/CH4 


cm" 3 


Q ■ cm 






0.001 


2X10 18 


2x10 s 






0.005 


1X10 19 


2000 


0.5% 


850 "C 


0.01 


2X10 13 


200 


0. 1 


2X10 20 


30 






•1 


2X10 21 


5 






1 0 


5X10 2 ' 


2 






0.001 


7X10 19 


6X10 5 


6% 


850 'C 


0.01 


8X10 19 


200 


0.1 


9X10 20 


20 






1 


5X10 21 


4 • 






10 


1X10 22 


3 



[0047] m 1 \z7jkhtc&v\z, mtpv&mm^mm 

iftl x 1 0 13 cm-m±\Z^X, imtricDnm^mfc 

[0048] mz, ±es*f-:/k<d*yU7«*® 

^bfcJ:5^ a*JR^«* (N) *«-S«H±cd»^ 
Kite, +t'J7Mll 



40 



«*UX10 16 cm- 3 ^J:T»na 1 X 1 0 5 Q- 

[0 0 4 9] a*F-^K©flEKftfrSK*&£Wtt, 
±EiHI#fcLrTa*F-"^III*»j*L&. *&n&*6 

[0 0 5 0] 
»2] 
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10 













CH4/H2 


NH3/CH4 


cm 3 


D • cm 


0.5% 


950 




0.1 


1x10" 


50 




850 




0.1 


2 X 1 0 20 


' 30 




750 


•c 


d.'i 


4 x 1 0 ZO 


30 


1 % 


850 


'C 


0.1 


3 x 1 0 20 


50 


2% 


850 


•c 


0.1 


4 X 1 O 20 


25 


4% 


850 


•c 


0.1 


8 x 1 0 20 


20 


5% 


950 


'C 


0.1 


8 X 1 0 20 


30 




850 


*c 


0.1 


8 x 1 0 20 


20 




750 


'C 


0.1 


9 X 1 0 20 


20 



[ 0 0 5 1] S iStE±fcar*F-^R*»riSLfc*-& 
tefc, *l, fei:rXHlte^U&IS* (¥*SS^ 

[0 0 5 2] gg»|2 



CH4 8» : 0. 5-6SCCM 

B 2 H 6 (*5RWR1 0 0 ppm) fflM; : 1 SCCM 



NHa St J 
: 

Jg|J¥ : 



Aio™^t ; e>HIS (i biffl ©doo) 
[0 0 5 3] (y>H-7 p i) 

1 0 0 SCCM 
0. 5-6SC CM 
4 0 T o r r 
3 0 0W 

ms 5 or 
mm: m2fim 

H 2 SE« : 1 0 0 SCCM 



H2 SiS : 



30 



: 0. 5 S CCM 
4 0 To r r 
3 0 OW 

ms 5 01C 
$9 1 /xm 

Bfc»J*LfcV>/>H-:/ - ^-f*^>FJf (Hi?: 2 

jttt«K»©R©«a*«, 1 1 0 10 q 

[0 0 5 4] ±1BCDcfc5»CUT»fliUa:a**«fc«#n 
Wife. ttSX - ^u^K-^JBfc^ffatisaSK? 

^mm^vm, ^n>mT-<om, ^^nmmm 

[0 0 5 5] 
»3] 
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K1UKJ /fVXA 
nrw/ 


V* 


sx* 

cm 


cm 


0 * cm 






0.01 % 


O.Sppm 


1x10 17 


5X10 14 


>5X10 * 






0.01 


2ppm 


ixlO 17 


2x10 15 


20000 






0.O1 K 


20ppm 


1x10 17 


2X10 16 


200 0 


0.5% 


850T 


0.01 H 


20Oppm 


ixtO 17 


2X10 17 


p & 






0.1 %' 


lOppm 


2X10 18 


1X10 16 


>1x10 6 






0.1% 


ZOOppm 


ZX JO ,D 


/ X 10 


0 A A ft 
o U I) U 






0.1% 


400ppm 


A vy 1 A 18 

zx 10 ,o 


4X )U iV 


c n a 
DUD 






0.1% 


400pprn 


2X 10 lD 


i -< A 17 


AAA 

3 0 0 










?x in 18 

£.A IU 


H A f U 








1 % 


2000ppm 


2X10 19 


2X10 18 


30 






5% 


10000ppm 


1X10 20 


1x10 19 


5 


6 % 


850*C 


0.01 96 


2ppm 


1X10 1 * 


2X10 17 


300 






0.1 % 




1X10" 


2xl0 ia 


20 






1 % 


200ppm 


1X10 20 


2x10 19 " 


3 






1 0% 


2000ppm 


1X10 21 


2X10 20 


0.3 



[0056] &z\z^hfr&5\z^ ^mm^cDmm <c 

N) tfU^M^Oimm (CB) ^UOOCB^C 
fc 0 H2 ifciRl/fc^te, Stt-fbx^j^-tt, #n* 



[0 0 5 9] 

»4]- 



/ * > 35JK 
CH4/H2 




NH3/CH4 


B2H6/CB4 


c m 


*tfc* 
D ■ cm 


0. 5 « 


950 "C 


1 % 


2000ppm 


1 x 1 0 19 


40 


' 8 5 0 * C ' 


1 % 


2000 ppm 


2 X 1 0 19 


30 


750 'C 


1 H 


2000ppm 


4 x 1 0 19 


30 


1 « 


850 "C 


1 H 


2000ppm 


2 x 1 0 19 


30 


2 H 


850 *C 


1 K 


1 OOOppm 


4 x 1 0 19 


20 


A % 


850 'C 


1 % 


200ppm 


1 X 1 0 20 


3 


6 « 


850 *C 


1 ft 


200ppm 


1 X 1 0 20 


3 



[0 0 6 0] S ISflLtfcSE* - #n>F-^K*»di 
[0 0 6 1] g|jfiffJ3 

(10 0) HJfcJH^fcBWMSU £)fiMl*J:tf2 &Ntt 



50 



(CUT, S*H-^K*«fctfa*-*n>H-yK*-t" 
[0 0 6 2] 

^F^fcfiUKWlx 1 0 19 cm- 3 MF-H>^ 
[0 0 6 3] **egcO*»ft:^'t ; &>Pte*ViTB, 

o o < c^DM^ffiT^^U7«^^c^5t^^M 
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7-69794 
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m h tl% SIT feffiffiifl© n > f 



[01] sanmiTfwen&aatF-^- ^>r^>p 



ii] 



CB2] 



N- 2x10* em* 




N=2*10 rt 



2 3 4 

10O0XT <K- 1 ) 




N-2xtf*cnT* 



12 3 4 
1000/T (K' 1 ) 
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(54) SEMICONDUCTOR DIAMOND AND METHOD FOR FORMING THE SAME 

(57)Abstract: 

PURPOSE: To obtain an n-type semiconductor of low resistance by doping diamond with a nitrogen atom and a boron atom in specific 
concentration ranges. 

CONSTITUTION: Diamond is doped with a reaction gas obtained by adding a nitrogen atom-containing gas such as N2 or N20 and a 
boron atom-containing gas such as B2H6 or B303 to a mixed gas prepared by diluting CH4 with H2 by CVD method (chemical 
vaporphase growth method) to dope diamond with 1 x 1019cm-3 nitrogen atom and boron atom in 100CB2CN>CB wherein C"s 
nitrogen atom concentration and CB is boron atom concentration to give an n-type semiconductor diamond which has >1^1016-cm-3 
carrier concentration, <40 seconds half-value width of rocking curve in 2 crystallization method of X-ray diffraction. This diamond is 
applicable to both artificial (high-pressure synthesis) bulk single crystal or thin-film polycrystal or thin-film single crystal (epitaxial 
film) by a vapor-phase synthesis method and has <1 X 105O.cm specific resistance. 



